topics have not been explored in MG, as impaired patients were excluded from prior studies. 21 Finally, there has been no examination of MG patients' prognostic understanding and mood changes such as anxiety and depression.
We present here data on a study of PA and preferences for prognostic communication and neurocognitive function in MG patients and their caregivers. Because systematic research is vitally needed about prognostic communication in MG, and because cognitive impairment is frequent in this disease, we sought to examine PA, including knowledge about LE, in this population. In light of the above-mentioned research demonstrating late hospice referral and hospital admission in MG, this was an exploratory study to examine the frequency of accurate PA in MG. As previous research is scant and conflicting about PA in MG and has not been examined in impaired patients, we did not have an a priori hypothesis about frequency of PA. Also, we sought to explore associations between neurocognitive function and patterns of PA and communication preferences.
Materials and Methods

Study Sample
This was an institutional review board-approved, prospective, mixed-methods exploratory study of adult patients with MG admitted to the inpatient neurology service, with a paired caregiver, at Memorial Sloan Kettering Cancer Center. Screening was performed by research staff (J.B.) by review of a list of admitted MG patients generated daily in an automated fashion. Eligibility criteria included age of at least 18 years; diagnosis of MG; intact sensorium defined by full wakefulness (eyes open and following instructions); and orientation to self, place, current month and year, and age. MG diagnosis was based upon radiologic-histopathologic assessment, not molecular characteristics such as status of O 6 -DNA methylguanine-methyltransferase (MGMT) or isocitrate dehydrogenase. Exclusion criteria included receptive or expressive aphasia interfering with reading the informed consent document and verbalizing cogent understanding of the study's risks and benefits; hemianopsia; and hemiparesis of the dominant arm that would interfere with completing timed cognitive tests. The study was performed in the inpatient setting because it was unclear how much time the full mixed-methods assessment would require to complete. An eligible informal caregiver was 18 years of age or older and was designated by a patient
Importance of the study
This is the first prospective study of PA, including awareness of incurability and of life expectancy in patients with MG, and the first study to examine associations between cognitive function and communication preferences in this patient population. Our data suggest that further research is necessary to understand the underpinnings and implications of inaccurate PA in MG and that such investigation should measure and account for cognitive impairment as it may influence communication outcomes. participant as someone close or important to him/her who provided unpaid help and support. Patients and caregivers completed a separate written informed consent. Caregiver participation was encouraged but not required.
Study Procedures and Assessments
The study assessments were performed in a private, quiet, and uninterrupted setting. Patients and caregivers were assessed separately. Patient assessments were organized as follows: Neurocognitive assessment was performed first to avoid altered performance as a result of discussing prognosis or other sources of emotionality. The selected neurocognitive test battery is frequently implemented in therapeutic trials in patients with primary malignant brain tumors, including MG. 30 32 The assessment of PA and communication preferences had 2 components. First, the PA assessment tool is a published, semi-structured qualitative interview implemented in the specific context of PA measurement in patients with cancer. 2 All assessments were performed by one of 3 trained members of the study team (E.L.D., M.K., or J.B.). Interviews were audio-recorded and transcribed verbatim for analysis by 2 study team members (E.L.D. and A.J.A.). For all interviews, the following questions were asked:
(1) What do you understand about your illness? (2) How serious do you believe things are? (3) What have you been told? (4) Do you have a sense of how much time might be left for you?
For all participants, these prompts were posed with the precise wording above. Unstructured follow-up questions were added to elaborate upon responses and to elicit the participant's (a) belief whether he/she had a curable or incurable disease and (b) her/his estimation of LE. Furthermore, these follow-up questions encouraged the participant to express both his/her hopes about curability and LE as well as his/her beliefs. The interview emphasized the notion of participants' hopes for 2 reasons: (i) prior research in MG suggested that prognostic discussions can be most effective and compassionate when not experienced as being at odds with optimism 23, 33 and (ii) expressions of hope would not be conflated with objective prognostic beliefs in the analysis of interviews. After the PA assessment, the interviewer completed a form indicating whether any PA prompts were not asked verbatim, and if so, the reason for this. All participants were offered psychiatry consultation upon completing the assessment, such that if participation had triggered sadness or worry they could discuss these fully.
Scoring was performed collaboratively by the study leaders (E.L.D. and A.J.A.). Full PA was defined as both (i) awareness of the incurability of MG and (ii) a reasonably accurate estimate of LE. This designation was intrinsically subjective but aimed to favor a score of full PA in a situation of ambiguity by way of the guiding principle that any reference made to standard survival statistics, or a similar estimate, constituted full PA. Specifically, any survival estimate of 3 years (from the time of diagnosis) or less for glioblastoma (GBM) or 7 years or less for grade III tumors was considered full PA, although longer estimates were designated as full PA if prognostic factors (such as MGMT methylation and resection status or oligodendroglioma histology) were cited. Additionally, patients citing longer LE in light of their own personal disease trajectory (ie, a GBM patient alive 5 years from diagnosis) were considered to have full PA. Limited PA was defined as (i) awareness of the incurability of MG but (ii) a fundamentally inaccurate estimate of LE, such as several years beyond standard survival statistics or estimates inconsistent with their disease status (ie, citing 5-year survival in the context of multiply recurrent GBM). No PA was defined as the factual belief that MG is a curable disease. Citing examples of cure or long-term survivorship was viewed as an expression of hope and optimism that was compatible with full PA when expressed with awareness that this is rare. After the PA interview, a short questionnaire was completed selected from the Prognosis and Treatment Perceptions Questionnaire, an assessment used to measure prognostic perceptions in children with cancer and then adapted to the context of adults. 5, 11, 36, 37 Here, participants rated (i) how important it was to them to know about their prognosis (phrased as "the likely outcome of your brain tumor over time, " with responses ranging from extremely important, very important, somewhat important, a little bit important, to not at all important); (ii) the amount of information they possessed about their prognosis (wishing they had more information, wishing they had less, or that the information they possessed was as desired); and (iii) the quality of prognostic information they have received thus far (excellent, very good, satisfactory, fair, or poor). Additionally, participants indicated in a binary fashion whether the internet was a source of information and whether a physician or nurse was a source of information.
Data Analysis
For patients and caregivers, sex, race, and educational attainment were captured and summarized. Additionally, for patients, WHO tumor grade (III vs IV), location, laterality, recurrence status, and prior trial participation were summarized. Neurocognitive raw test scores were normalized for age and educational attainment and converted into z-scores. For each test, z-scores were dichotomized to impaired versus non-impaired, with impairment defined as a z-score less than or equal to −1.5, which is to say a score ≤1.5 standard deviations below average for individuals of the same age and educational level. The FACT-Br total and subscale scores were captured as a continuous variable. The HADS yielded 2 dichotomous scores for the presence
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or absence of borderline or greater anxiety and depression, defined as a score on either subscale greater than 8.
For analysis purposes, PA was dichotomized a priori to full PA versus limited or no PA. For the Prognosis and Treatment Perceptions Questionnaire, importance of prognostic information was dichotomized to extremely/ very important versus other responses, quantity of information was dichotomized to desiring more information versus other responses, and quality of information was dichotomized to excellent/very good/satisfactory versus other responses. Age was compared between PA groups with the Wilcoxon rank sum test, and race, tumor site, tumor laterality, grade, and recurrence status were compared between PA groups with chi-square tests. Proportions of participants with impaired z-scores for each neurocognitive test, anxiety, and depression were similarly compared among PA groups. Last, the proportion of participants with impaired performance on each cognitive test was compared between dichotomous groups based on importance of prognostic information and wish for more prognostic information.
Results
Patients
Ninety-seven patients were screened; 24 patients were excluded because of aphasia, hemiparesis in the dominant arm, or hemianopsia; 11 were not fully oriented; 2 were not fluent in English. Six were eligible but refused; 54 patients consented to the study, although 2 patients could not complete the cognitive assessment, so the study was aborted. Two patients were discharged before participating; 48 caregivers consented to the study but 16 were unavailable for the assessment. In total, 50 MG patients with 32 matched caregivers participated in the study (Table 1) . Thirty-four (68%) patients were men, 36 (72%) were Caucasian; 34 (68%) patients had GBM; 38 (76%) had tumors in the right hemisphere; 26 (58%) patients had multiply recurrent disease. For all patient and caregiver participants, the PA assessment was completed and performed without deviation from the wording of the interview prompts. No (Table 2) . Of note, 17 (57%) of the patients with multiply recurrent MG had limited or no PA. Representative verbatim passages from PA interviews, demonstrating participants' beliefs about MG curability and LE, are presented in Table 3 . Thirty (60%) patients reported that information about prognosis was extremely or very important to have, 21 (42%) indicated that they wanted more prognostic information, and 42 (84%) indicated that the prognostic information they had received was excellent, very good, or satisfactory. Furthermore, 33 (66%) listed the internet as a source of prognostic information and 44 (88%) indicated that a physician or nurse was a source of information. Borderline or greater anxiety and depression was present in 19 (38%) and 19 (38%) patients, respectively. The median FACT-Br score was 112 (SD 24) and median Emotional subscale score was 15 (SD 5).
Comparing patients with full PA to those with limited or no PA, there were no differences with respect to age, sex, race, or any tumor characteristic (Table 4 ; Fig. 1 ). Thirtyseven percent of patients with full PA had participated in a therapeutic clinical trial, compared with 60% of those with limited or no PA (P = 0.10). There were no significant differences between patients with full PA versus limited/ no PA with respect to information preferences or sources 
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of information. The proportion of patients with full PA and anxiety, depression, or impaired performance on any of the neurocognitive tests was not significantly different compared with those with limited or no PA. Statistically significant differences were observed with respect to neurocognitive test performance and preferences for prognostic information (Table 5) . Patients who reported that prognostic information was important to know were significantly more impaired on tests of memory (77% vs 47% on the HVLT-Total, P = 0.04; 60% vs 28% on the HVLTDiscrimination Index, P = 0.03); the results approached significance for delayed recall (87% vs 63% on the HVLT-Delay, P = 0.06). Furthermore, patients who indicated a wish for more prognostic information were more frequently impaired on tests of memory (81% vs 54% on the HVLTTotal, P = 0.05; 71% vs 28% on the HVLT-Discrimination Index, P = 0.003).
Caregivers
Thirteen (41%) caregivers were men, and 23 (72%) were Caucasian; 22 (69%) had full PA, 9 (28%) had limited PA, and 1 (3%) had no PA; 23 (72%) caregivers felt that information about prognosis was extremely or very important to have, 16 (50%) indicated that they wanted more prognostic information, and 26 (81%) rated the information they had received as excellent, very good, or satisfactory; 26 (81%) listed the internet as a source of prognostic information and 31 (97%) indicated that a physician or nurse was a source of information. There was no significant difference between full PA and limited or no PA with respect to sources of prognostic information or information preferences.
Discussion
This was a study investigating PA and preferences for prognostic information and neurocognitive function in 50 MG patients and 32 matched caregivers; 40% of patient participants demonstrated full PA, which is to say that 60% did not have an accurate estimate of LE; 20% of patients believed that MG is a curable disease. Full PA was no more common in patients with multiply recurrent MG, that is, more advanced disease with shorter LE at the time of the study assessment. We would have hypothesized that patients with multiply recurrent disease would more frequently possess PA by virtue of having more opportunities to discuss what the future holds for MG, but this finding may suggest that prognostic discussions do not necessarily take place as a function of recurrence status. The opinion that prognostic information is important and the wish for more information were expressed by 60% and 42% of the patients, respectively. Overall QoL and emotional wellbeing scores were essentially identical between those with full versus limited/no PA. Patients with impairment on tests of memory more frequently, to a statistically significant degree, believed that prognostic information was important and desired more of it, suggesting that acquisition and recall of new information may influence some aspects of PA. Caregivers were more prognostically aware than patients, with 69% possessing full PA and only one participant believing that MG is a curable disease; 88% of patients and 97% of caregivers indicated that the health care team was one of their sources of prognostic information. This study raises many considerations about PA and prognostic communication in MG. On the one hand, 60% of patients, including many with advanced disease, were unaware of their LE, and this could represent an absence of prognostic communication; this is especially important in a disease where many patients experience late hospital admission and late referral to hospice. 20, 21 On the other hand, 80% of our participants knew that MG is incurable, and 40% were aware of LE, 
NeuroOncology
suggesting that accurate PA may be more frequent in MG than in other cancers. Findings in other cancers vary widely, compounded by variability in how PA is measured and defined 1 ; in one prospective multicenter study of patients with advanced cancer measuring both PA and assessment of LE, only 5% demonstrated accurate illness understanding, referring to awareness of incurability and accurate estimate of LE. 14 In another prospective study, 54% of advanced cancer patients believed their illness was curable, but LE was not estimated. 34 In another multicenter study, 51% of patients were willing to estimate their LE; however, only 15% were accurate. 13 In a meta-analysis of 34 articles about PA in cancer, approximately 50% of aggregated patients had accurate prognostic understanding, defined predominantly as awareness of incurable disease. 35 It is not clear why MG patients would be more aware of disease incurability than other cancer patients. Underlying reasons could include different (ie, more candid) communication within neuro-oncologic practice compared with other cancers, greater public awareness that brain cancer is lethal, or others. It is also not clear from our study why caregivers possess more PA than patients; this could reflect discrepant understanding of shared communication with the health care team about prognosis, caregivers' seeking prognostic information from the health care team independently of the patient who they may think is too cognitively impaired to process the information, or obtaining information from other sources (such as the internet). Further dedicated attention to preferences and dynamics of communication for MG caregivers is merited.
Our findings highlight that there are distinct components of prognostic understanding. In MG, awareness that the disease is incurable doesn't necessarily imply awareness of LE. Furthermore, our data suggest that clinicians cannot assume that patients with more advanced disease have more accurate PA than those earlier in the MG trajectory. Rather, in the process of communicating with all patients and caregivers about MG prognosis, clinicians must elicit and address curability and LE distinctly, along with their implications for treatment preferences. Our findings point to deeper and unanswered questions about the relationship between awareness of incurability, knowledge of LE, EoL outcomes such as acute hospitalization and hospice referral in MG, and QoL at EoL. Addressing these associations requires a larger prospective study.
Our study also suggests that prognostic communication may represent an unmet need for some MG patients and caregivers, particularly those with impaired performance on memory tests. The finding that MG patients with memory impairment more frequently believe that prognostic information is important and desire more information suggests that memory abilities may influence some aspects of PA. This study suggests, on the contrary, that patients with memory problems may require more dedicated efforts at prognostic communication and discussion of treatment preferences and EoL care, reiteration of the information on subsequent encounters, and the provision of written information. There is scarce research about how cognitive impairment alters dynamics of prognostic or EoL communication in cancer, although one study suggests that in the setting of patients' cognitive impairment, treatment preferences of caregivers disproportionately influence EoL outcomes in comparison to patients' preferences. 28 Further study is necessary to investigate whether the pattern and extent of cognitive dysfunction in MG are associated with particular patterns of EoL outcomes and whether this is mediated by magnification of caregiver preferences or other mechanisms. Such research is especially important in light of the relevance of both cognitive function and PA for informed decision making, as it has been previously found that cognitive impairment can diminish decisionmaking capacity. 36 Furthermore, advanced care planning before later stages of disease would best take place at a junction when cognitive function and a patient's disease understanding are optimally aligned for such discussion. While these data suggest that there are MG patients and caregivers who desire more prognostic information, they also suggest that there are those who do not wish to have more information, and this is a psychological reality that merits reflection and investigation. Our study does not suggest that possessing accurate PA is associated with anxiety, depression, or worsened QoL. Therefore, the key question that must be addressed by further investigation is whether accurate PA and inaccurate PA are associated with different preferences for MG treatment and EoL outcomes, such as late acute medical care and late hospice referral, which have been shown to be deleterious to QoL at EoL in other cancers. Communication strategies and interventions to augment PA in MG would be desirable and beneficial with respect to EoL outcomes, even for individuals who do not actively desire such information. These domains have not been studied in MG, and moreover our study suggests that this kind of future research must measure and account for cognitive impairment, particularly memory problems, which may alter information preferences and information-seeking behavior.
There are several limitations to this study. First, the relatively small number of patients may have limited the power to detect statistically significant differences between compared groups, and this limits the interpretation of negative comparative findings. For example, 60% of those with limited/no PA had participated in a clinical trial compared with 37% of those with full PA (P = 0.10). Clinical trial participation predicts late hospitalization in GBM, so these data support this association despite the lack of statistical validation. 19 Second, this study was done at a single institution in a population that was of limited racial diversity; this limits the generalizability of our findings. Additionally, we studied admitted patients who are more acutely ill and perhaps more likely to be impaired, although delirium was excluded, as all participants were fully oriented and participated cogently in the consenting process. There were relatively few patients with newly diagnosed disease, likely a function of this being an inpatient study; this may influence the study results, although we did not see more frequent PA in those with multiply recurrent disease. The exclusion of aphasic patients and those with hemiparesis of the dominant arm did select for patients with right-sided tumors. We also did not measure patients' coping strategies such as acceptance and denial, which are relevant to communication dynamics and psychological states. 37 Additionally, a significant proportion of caregivers who enrolled in the study did not ultimately participate, and this should be considered a possible source of bias. It is possible that caregivers who were not able to be present for the study assessment were less engaged in the patient's care or prognostic communication and may have possessed a different perspective on the study's concerns than those who participated. Finally, there is the matter of PA assessment itself, which is intrinsically subjective and challenging to reproduce. We believe that combining a structured instrument (asking all participants the same unambiguous prompts) with open-ended questions to probe awareness of curability and LE, while conscientiously allowing for expressions of optimism, was a rich and meaningful method in this patient population. Moreover, verbatim transcripts were analyzed by both a neuro-oncologist and a psychologist with particular expertise in the measurement of PA. Altogether, we believe that we obtained detailed and believable PA assessments and that future studies may consider a similar approach.
This pilot study suggests that PA is measurable in MG patients, even those with cognitive impairment, and that while the majority of participants are aware that MG is incurable, a minority are aware of their LE. Many, but not all, MG patients believe that prognostic information is important to possess and desire more information; patients with memory impairment are more likely to possess these beliefs and clinicians should be mindful of this in their communication approach. Further research is needed to examine associations between PA states and attitudes such as treatment preferences as well as EoL outcomes. 
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